Abstract: This letter presents an improvement technique for a false alarm probability in simple weighted diversity combining for cyclostationarity detection based spectrum sensing. Although traditional simple weighting techniques can improve a performance of the spectrum sensing, the technique causes an error of false alarm probability between an obtained and designed value. The reason is that the technique requires two types of statistics and both probability density function (PDF) are different. The presented weighting technique makes these PDF matches and the degradation of the signal detection performance for the presented can be ignored. Simple theoretical analysis and numerical examples are shown to validate the effectiveness of the presented.
Introduction
Cognitive radio techniques have attracted much attention as solutions to the depletion of frequency resources [1] . In cognitive radio networks, the communication of unlicensed secondary users (SUs) is allowed if licensed primary users (PUs) are not using the radio spectrum. Because the communication of SUs must not interfere with that of PUs in the networks, SUs must learn the radio spectrum environment around themselves using spectrum sensing techniques [2] which can grasp the environment. In several spectrum sensing techniques, feature detection [3, 4] , which is referred to as cyclostationarity detection, can classify the modulation schemes and is robust to the interference signal. Furthermore, a weighted diversity combining technique based cyclostationarity detection has been presented to enhance the performance of spectrum sensing [5] ; however, the technique causes an error of a false alarm probability between the obtained and designed value. This letter presents an improvement technique of false alarm probability in the conventional technique [5] .
2 Simple weighted diversity combining for cyclostationarity detection based spectrum sensing
System model
We consider the spectrum sensing problem of an orthogonal frequency division multiplexing (OFDM) signal for which the number of samples for the fast Fourier transform (FFT), cyclic prefix (CP), and OFDM symbol are N FFT , N CP , and N OFDM , respectively. We let H 0 and H 1 denote the hypotheses in which the PU is inactive and active, respectively. Using H 0 and H 1 , the spectrum sensing problem in a multiantenna system can be written as a binary hypothesis testing problem as follows. 
where Át is the sampling period. The OFDM signal has cyclostationarity because of own CP [3] . We let k ¼ k=T OFDM and k ¼ ðk þ 0:5Þ=T OFDM respectively, where
The CAF of OFDM signals has peaks at the cyclic frequency k and s ¼ N FFT ; moreover, the CAF of OFDM signals has no peaks at the cyclic frequencies k [3] . Furthermore, the type of probability density functions (PDFs) of these CAFs for AWGN (i.e., in H 0 ) are the same, and these CAFs have the same mean and different variance. Because oneR control the false alarm probability as
Using some CAFs, MCAS judges the signal existence as follows:
3 Weighting technique for improvement of false alarm probability
Presented weighting technique
In the conventional weighting technique [5] , bothR mismatching of these PDFs when N R is not a sufficiently large, and this causes the error of false alarm probability between the obtained value and
Therefore, we present a weighting technique for the improvement of false alarm probability. We let T and T k denote weighted variables forR 
Note that the conjugate parts in Eqs. (4) and (5) [5] . Because the rules for both CAFs are the same in H 0 , both PDFs can be matched by arranging only these variances, as conventional techniques. Therefore, the presented improvement technique of the false alarm probability based spectrum sensing is carried out as
Although the presented technique does not cause the error of false alarm probability, it seems that the presented degrades the performance of spectrum sensing because the presented maximizes the components includingR
As shown in Eq. (6), because T and some T k s are compared in H 1 , it is beneficial that some T k s are small as long as possible. In next subsection, we discuss this effect on the performance of spectrum sensing.
Simple analysis for effect of presented weighting technique on signal detection performance
v Þ=N 0 g. Because the power of an absolute value is a convex function, applying Jensen's inequality [6] to T k , we can obtain the following equation.
Note that the equality in Eq. (7) (7), which is the definition of T k , is lower bounded by the right hand side, which represents the case in which the noise variances at all RF chains are the same. We assume that the case and a low SNR environment, and it can be seen that the presented does not maximize the component includinĝ 3.3 Consideration for case that noise variances at each RF chain are different Before the received signal passes through the analog-to-digital converter (ADC), the amplitude of the signal is controlled by the automatic gain control (AGC) [7] . Because the gain level of the AGC depends on each AGC-passed signal, the noise variance after passing through the AGC at each RF chain may be different, and it seems that this degrades the performance of the presented weighting technique. The effect of that on the signal detection performance is verified by some numerical examples shown in latter section.
Numerical examples
In order to validate the presented weighting technique, some numerical examples are shown in this section. In some examples,
and N R ¼ 2; 4 are used. In this section, we evaluate the two cases; 1) without AGC: the noise variances at each RF chain are the same, 2) with AGC: the noise variances at each RF chain are different because of the AGC which is located before the ADC. To simulate the behavior of the AGC, each received signal is normalized by its maximum value for N samples, and each signal is multiplied by a constant gain factor G. In this paper, we assume that the power of the RF signal is approximately −80 dBm and that the maximum amplitude of baseband signal after passing through the AGC is 3 V. Note that the assumption is in a not spectrum sensing situation but normal radio communication situation. From these, we employed G ¼ 10 5 .
First, we show the performance of signal detection probability. Figs. 1 and 2 show the performance for both without and with AGC cases, respectively. In these figures, the presented technique is compared with the conventional technique for N D ¼ 9. As shown in Fig. 1 , the performance of the presented technique is almost the same as that of the conventional technique, and the effect of the presented technique on the sensing performance can be ignored. Furthermore, it can be seen that the effect of the AGC on the performance of the presented can be ignored as shown in Fig. 2 . Next, we show the performance of false alarm probability. Table I shows the performance for both without and with AGC cases. In Table I , the presented technique is compared with the conventional technique. The presented can improve the error of false alarm probability for both P FA values relative to the conventional, and it can be also seen that the effect of the AGC on the performances is negligible in the presented whereas the behavior of AGC affects the performance of conventional.
Conclusion
This letter presented the improvement technique of the false alarm probability in weighted diversity combining for cyclostationarity detection based spectrum sensing in cognitive radio. The presented can improve the false alarm probability by matching the PDFs of two types of statistics without the degradation of the signal detection performance. This was verified by the simple analysis and some numerical examples. 
